SUMMARY: Short-term temporal variability in infaunal crustacean communities was evaluated against environmental variability. The area of study was located at two stations at 45 and 60 m depth under the influence of the Ebro River. Differences in the relative abundance of crustacean species between sites might be related to the distance from the river, with higher organic matter supply and finer mud content near the river. There was a marked seasonal variability linked to high phytoplankton production in spring, which supplied organic matter to the benthos, inducing higher crustacean abundance. In late summer there was a reduction in the infaunal crustacean abundance and species richness that could have been caused by two factors: the establishment of the thermocline, which could limit the availability of organic matter to the seabed, and the high water temperatures, which caused the production of phytoplankton exudates and accumulation of mucilaginous aggregates over the seabed. The 45-m site was under the influence of otter-trawl fishing and precisely in this area the seasonal variability was not observed, probably masked by the effects of trawling impact.
INTRODUCTION
Most studies on infaunal communities in the Mediterranean have focused on the accessible coastal areas. Consequently, there is a lack of knowledge on the temporal dynamics of benthic assemblages over soft-bottoms of continental shelves, and little is known about short-term changes in the composition of these assemblages (see Salen-Picard et al., 2003; Cartes et al., 2007; Hermand et al., 2008; Cartes et al., 2009) . Though many studies on soft-bottom macrofauna carried out over decades have addressed a wide range of aspects, most of them focus on diversity patterns (e.g. Gray, 2000; Ellingsen and Gray, 2002; Hewitt et al., 2005 ) and the species distribution over spatial and environmental gradients (e.g. Clarke and Ainsworth, 1993; Ellingsen, 2002; Gobin and Warwick, 2006) . The relationship between production partitioning and trophic strategies (Warwick, 1982; Buchanan and Warwick, 1974) and responses to organic matter inputs (Pearson and Rosenberg, 1978; Gremare et al., 1997) are of great importance as macrobenthos plays an important role in ecosystem processes in soft-bottoms, including nutrient cycling, dispersion and burial, and secondary production (Snelgrove, 1998; Lohrer et al., 2004) . In this context few studies have considered the seasonal variation of macrofaunal communities linked to a detailed analysis of environmental variables on continental shelves (Buhl-Jensen and Fosså, 1991; Richoux et al., 2004; Cartes et al., 2007) . The main findings in the Mediterranean are related to changes in food input and in the production rates of species at short-term (Gremare et al., 1998) and small spatial (Cartes et al., 2009) scales.
Rivers are important carriers of land sediment and organic matter to the seas, so areas associated with rivers are highly productive and the effects of natural variability on communities inhabiting these environments are of great interest (Salen-Picard et al., 2003; Darnaude et al., 2004) . These areas are also strongly affected by anthropogenic activities, including pollution from river runoff, high sedimentation from terrestrial erosion and fishing on the associated continental shelves (Drinkwater and Frank, 1994; Thrush et al., 2006; Oczkowski et al., 2009) . The Ebro river, flowing in the northeast of the Iberian Peninsula, is one of the three most important rivers in terms of river flow in the Mediterranean (Palanques and Drake, 1990) , with an annual cycle of high flows between November and May and low flows from June to September in 2002 -2004 (Cartes et al., 2007 . However, though it is a highly productive area supporting an important fishery activity (Demestre et al., 2008) , the dynamics of benthos off the Ebro Delta are poorly known, and only recently have we obtained estimations on the secondary production of suprabenthic and infaunal crustaceans (Cartes et al., 2007 (Cartes et al., , 2009 ). This deltaic system has a high discharge of mud and organic matter and we expect macrofauna to be essential for the trophic webs in the area.
Infaunal samples and physical data were simultaneously collected under the framework of a research project aimed at evaluating fishing impact on benthos off the Ebro Delta (RESPONSE, Q5RS-2002-00787; Demestre, 2006) . These data are limited due to an incomplete annual cycle, but they include samples from early summer to autumn that are of high interest in the Mediterranean as this is a period of strong physical changes. Therefore, these data provided the opportunity of evaluating seasonal changes in the infaunal community structure and dynamics in relation to environmental variability on the continental shelf off the Ebro Delta.
In the area covered in this study, Cartes et al. (2009) found changes in the P/B ratio of crustaceans (mainly peracarids) likely linked to differences in temperature and organic matter content (%TOC). In a second study in the same area, Cartes et al., (2007) investigated temporal changes in suprabenthic crustaceans, which were linked to oscillations in the river discharge and the establishment of a thermocline. In the present paper we study the crustaceans from the infaunal community at two sites off the Ebro Delta in order to investigate the relationships between changes in the community assemblages and environmental variability. We expected the infaunal organisms to be less affected by the hydrography and highly dependent on the sediment type and the local availability of organic matter (Ellingsen, 2002; Darnaude et al., 2004; Hermand et al., 2008) . Moreover, one of the study sites is impacted by the trawling fleet operating in the area and, whereas the suprabenthic community did not respond to this disturbance, we would expect the dynamics of the infaunal crustaceans to be conditioned by the trawling activities (as observed for the entire benthic community in de Juan et al., 2007a) . We worked on crustaceans (mainly on peracarids) because, after polychaetes, crustaceans are the most dominant and diversified group in the infaunal communities, having a variety of ecological functions (e.g. trophic habits and production rates) depending on the environmental condition (Cartes et al., 2009) . Furthermore, peracarids have no free larvae as embryonic development occurs in oostegal bags (marsupia) developed by reproductive females. Therefore, peracarids may be expected a priori to be especially vulnerable to disturbance induced by both environmental variability and human activity due to their lower recolonization rates (Dauvin and Gentil, 1990; Cartes et al., 2009) .
MATERIALS AND METHODS

Study area
The study area was located at around 50 m depth in the northwestern Mediterranean on the continental shelf off the Ebro Delta (Fig. 1) . This area is characterized by muddy sediments, with an average of 99% mud, an epibenthic community dominated by crustaceans and echinoderms, and a macroinfaunal community dominated by polychaetes, which represent up to 70% of the overall abundance (de Juan et al., 2007a) . This area is under the influence of the Ebro River and is also a productive fishing ground (Demestre et al., 2008) . Two sites were established within the study area: S1 was located at 45 m depth, whereas S2 was located at around 60 m depth (Fig. 1) . The two sites were separated by a distance of ca. 5 km and they were composed of muddy sediments (99% mud): S1 was characterized by 45% clay and 55% silt and S2 was composed of 64% clay and 36% silt (S1: 4.61±0.1 and S2: 2.71±0.05 µm, D 50 median grain size). The S1 site receives the impact of the trawling fleet operating in the area and the S2 site is located around an abandoned oil platform that trawlers avoid for their fishing operations. Its remains are small structures scattered over the seafloor that do not modify the physical conditions of the area (detailed description of the area in Demestre et al., 2008) .
Data collection
Six sampling cruises were conducted from June to November 2003. Four cruises were undertaken in summer, on 27-30 June, 14-17 July, 28-31 July and 19-22 August; and two cruises took place in autumn, on 26-29 September and 14-17 November. Sampling covered different environmental conditions in the Mediterranean, from warm water temperatures in summer months, with a marked thermocline, to lower temperatures in autumn characterized by the mix of the water column (Salat et al., 2002) .
Samples were collected with a 0.1-m 2 van Veen grab at 5 sampling stations randomly located at the S1 and S2 sites, with 5 grabs collected at each station to obtain the minimum sample size (established after the accumulative abundance curves). Therefore, a total of 25 grabs were collected per site and cruise. Sediments were filtered over a 0.5-mm sieve and the retained fraction was fixed in buffered formalin and dyed with Rose of Bengal to sort the organisms. The crustaceans were identified to species level and counted and weighed to subsequently analyse the species composition and community structural parameters (i.e. number of individuals, biomass as wet weight and the diversity indices species richness, Shannon diversity and Pielou's evenness).
Grain size and organic matter content were obtained from the sediment samples from one grab per sampling station. Additionally, a CTD transect of nine samples (1); second cruise of July, Jul(2); August, Aug; September, Sep; and November, Nov. This figure was published in Cartes et al., 2009. covering S1 and S2 was done on each cruise to record surface and near-bottom temperature, and near-bottom turbidity. A suprabenthic sledge that was deployed to sample suprabenthos collected high concentrations of a mucilaginous aggregate (MA) at the end of July and August. This component, probably phytoplankton exudates, completely covered the seabed (as observed with the video records captured with a remotely operated vehicle). This variable was included as presence/ absence in the analysis as an important environmental factor potentially affecting the crustacean community. The environmental variables surface and near-bottom temperature, near-bottom turbidity, mud, silt and clay percentages, organic matter content and the MA (Fig. 2) were correlated with the crustacean abundance data to estimate the influence of environmental variables in the distribution of crustacean species. A detailed explanation of the environmental data processing is included in Cartes et al. (2009) and Demestre (2006) .
Data analysis
Differences between S1 and S2 over the six sampling cruises were tested with a two-way ANOVA (statistical package S-plus, Becker et al., 1988) . The factors site and sampling month were considered as fixed factors. The interaction of the two factors indicates different behaviour of the variables at each site over the sampling months. When normality assumptions were not met a log10 transformation was applied, and a KruskalWallis non-parametric test was performed if normality was not achieved. Multivariate analysis tested changes in the relative abundance of crustacean species across sites and experimental cruises. Analyses were done with PRIMER statistical package v.6 (Clarke and Warwick, 1994 ) and a square root transformation was applied to the data to downweight the dominant species. A SIMPER test was done to determine the species most characteristic at each site and the species responsible for the dissimilarities that might be detected between sites (through the Diss/SD index, the ratio of the average contribution to dissimilarity divided by the standard deviation of the contributions across pairs of samples). Non-metric multidimensional scaling (MDS) was done to obtain a graphical ordination of the samples based on the Bray-Curtis similarity (considering 50%, 60% and 80% similarity as thresholds), and the ANOSIM test was done to determine the significance of dissimilarities found between samples. To further analyze the factors that might determine the spatial and/or temporal ordination of samples, a principal coordinates analysis (PCO) based on the resemblance matrix was done with species data (after Bray-Curtis similarity) and environmental data (after Euclidean distance). 
RESULTS
Community structure
A total of 64 species of crustaceans were collected (including individuals identified to family or higher taxonomical level), pertaining to the taxonomic orders Amphipoda, Cumacea, Decapoda, Isopoda, Mysidacea, and Tanaidacea (Table 1) . Crustacean abundance at both sampling sites ranged between 404 and 824 individuals m -2 . The temporal variability of abundance followed a different pattern at the two sites (Fig. 3a) , with a peak of abundance occurring at S2 at the end of July and a subsequent decrease from August to September, while the abundance at S1 remained low (P(site)<0.01; P(site: month)<0.01). The total crustacean biomass (Fig. 3b) was relatively low, with no significant differences between sites (p(χ 2 )=0.2). Species richness (Fig. 4a) showed a temporal pattern similar to abundance, with significant differences between sites (P=0.01) and between months (P=0.002). Shannon index (H') ( Fig. 4b) and evenness (Fig. 4c) were similar at the two sites (P(site)>0.05).
Seasonal dynamics of crustacean species
A subset of 22 species accounted for 80% of total crustacean abundance (Table 2 ). The Bray-Curtis similarity index determined 40.8% of dissimilarity between the two sites. Only four species held a high Diss/SD index (≥1.5): the Amphipoda Metaphoxus simplex and Ampelisca tenuicornis, the Cumacea Leucon mediterraneus and the Isopoda Gnathia sp. The MDS ordination (Fig. 5) defines two groups of samples with 60% of similarity: one group includes S1 samples and the other group includes S2 samples (0.18 of stress; ANOSIM R=0.90, P<0.01). The cluster defined by 70% similarity differentiated samples by month (ANOSIM R=0.53, P<0.01). November samples were different from all other samples at S1, and 3 clusters were defined at S2: one including samples from June and July, one including samples from August and September, and one including samples from November. The PCO ordination (Fig. 6a) followed the same pattern, with the first axis explaining 29.5% of variation and differentiating the two sites, and the second axis explaining 16.8% of variance and differentiating samples by month, the clustering of samples by month being more marked at S2. The species holding a Pearson correlation index with the distribution of samples through the PCO axes above 0.6 were included in the graph (Fig. 6a) , with a total of 9 species having a high correlation: Apseudes spinosus characterized S1; Harpinia dellavallei and Harpinia crenulata characterized S1 in autumn; Iphinoe serrata and Harpinia sp. characterized summer samples, the latter being more abundant at S2; Corophium rotundirostre and Ampelisca tenuicornis characterized S2 in July; and M. simplex and Gnathia sp. characterized S2 in autumn samples. We selected those taxa holding a Diss/SD index above 1.5, as well as those species with a Pearson correlation index higher than 0.6. A total of 10 species resulted from this selection, including 6 Amphipoda (A. tenuicornis, C. rotundirostre, Harpinia sp., H. dellavallei, H. crenulata and M. simplex), 1 Tanaidacea (A. spinosus), 1 Isopoda (Gnathia sp.) and 2 Cumacea (I. serrata and L. mediterraneus). Changes in their abundance over space and time were as follows ( Fig. 7) : A. spinosus was significantly more abundant at S1 (P(site)<0.01), with no significant differences over time. The Amphipoda A. tenuicornis was significantly more abundant at S2 in summer months (P(site:month)<0.01), whereas abundance at S1 remained invariable. The Amphipoda C. rotundirostre was generally more abundant at S2 (P(site:month)<0.01). The Amphipoda Harpinia sp. and L. mediterraneus showed high variability but were characterized by a peak of abundance at S2 on the second cruise in July (P(site:month)<0.01). The Isopoda Gnathia sp. and the Amphipoda M. simplex were almost absent from S1 and thus characterized S2. The Amphipoda H. crenulata and H. dellavallei and the Cumacea I. serrata, having similar abundance at the two sites, were collected in very low abundance. Fig. 5. -MDS plot based on crustacean species abundance at S1 and S2 (J, June; Jl, first cruise of July; Jl2, second cruise of July; A, August; S, September; N, November). Lines define groups with 50%, 60% and 70% Bray-Curtis similarity. 
Influence of environmental data on crustacean abundance
The PCO based on the environmental matrix (Fig.  6b ) explained 73.5% of variance and was highly similar to the ordination based on the biological data. The first axis explained 51.1% of variation and differentiated the two sites, with % clay characterizing S2 and % silt characterizing S1. The second axis explained 22.4% of variance and differentiated autumn and summer samples; near-bottom turbidity and bottom temperature differentiated autumn samples at S1; and the difference between surface and bottom temperature differentiated summer samples mostly at S2. The MA characterized samples collected in summer months at both sites (see temporal pattern of physical variables in Fig. 2 ).
DISCUSSION
The infaunal crustacean community in the study area had relatively high species richness and abundance, with a total of 64 crustacean species, up to 800 individuals per m 2 , and a total of 151 taxa regarding all the infaunal assemblage (Ellingsen, 2001; De Biasi, 2004; de Juan et al., 2007a) . A rich macroinfaunal community might be supported by the high river runoff at the Ebro Delta that may enhance phytoplankton production and originate the accumulation of fresh organic matter over the continental shelf (Hermand et al., 2008; Zajac, 2008) . The accumulation of organic matter in a deltaic system can be directly exploited by suspension and deposit feeders enhancing the food web (Hermand et al., 2008) . In the same area Cartes et al. (2007) observed changes in the suprabenthic community related to the environmental variability, and principally the hydrographic characteristics. The abundance of suprabenthos had two peaks, one in early summer and one in autumn, and a significant reduction in abundance in August. This pattern was similarly observed at S1 and S2, although S2 experienced a one-month delay. Previous studies have observed a tight relationship between the infaunal abundance and species richness and the sediment grain size (Ellingsen, 2002) and the organic content (Darnaude et al., 2004) . In accordance with these studies, we expected the variability of infaunal crustaceans to be more related to the sediment characteristics and the organic matter content, less affected by the hydrographic variability, and potentially disturbed by fishing in S1. Peracarid crustaceans were dominant in our study community. As discussed by Cartes et al. (2009) , the particular development of peracarid crustaceans (embryos directly developed in marsupial bags of females) suggests low colonization abilities in comparison with planktotrophic taxa (e.g. polychaetes). Dominant species in the study community were tube dwellers and filter feeders (needing good sediment structure). All these features suggest that peracarids can be especially sensitive to environmental changes, both natural and human-induced, so they are a good target for studies regarding the short-term influence of environmental variability.
With few exceptions, the same species were collected at both sites despite some differences in depth (45 m vs 60 m). However, the multivariate analysis detected spatial differences based on the species relative abundance, with several species being more abundant at either site (i.e. Metaphoxus simplex, Ampelisca tenuicornis, Paraphoxus oculatus, Harpinia spp. and Gnathia spp. more abundant at S2, and Leucon mediterraneus, Apseudes spp., Iphinoe serrata and Harpi nia dellavallei more abundant at S1). This ordination coincides with the ordination obtained with the physical variables: grain size-separated sites, with higher clay content at S2 and higher silt content at S1. Comparing these data with findings from other studies (e.g. Thrush et al., 2003; Chapman and Tolhurst, 2004) , differences in mud content between locations might be too small to be affecting the faunal distribution (mud content is around 99% in both areas, varying the percentage of clay/silt). These slight differences in mud content could be related to the fact that the stations are near/ far from the river, as finer grain size occurs near the river because of sedimentation from terrestrial origin . The effects of the river plume over the continental shelf are also related to higher organic matter input on the seabed (Morris et al., 1995) and Cartes et al. (2009) found significant trends in the productivity of these species, with higher P/B ratios at S1 attributable to higher food supply (OM content) and C/N (organic matter quality). Similarly, a study carried out in front of the Rhone River (Darnaude et al., 2004; Hermand et al., 2008) detected OM of terrestrial origin at 100 m depth, with the macrobenthos enhancing benthic secondary production. Salat et al. (2002) found a major thermocline in the area of study between 50 and 60 m, similar to that found in our study in summer (Cartes et al., 2009) . We suggest that the river plume interacting with the thermocline induced gradients and changes in food quality at small spatial scales, the differences in the grain size being a surrogate for differences between S1 and S2. Dominant crustacean species on the Ebro Delta shelf are filter feeders (e.g. Ampelisca tenuicornis and Corophium sp.) or deposit feeders (e.g. Leucon mediterraneus) and they probably benefit from the arrival of fresh OM associated with river discharges. In this context, the local conditions for the productivity could explain the species segregation between S1 and S2.
The temporal dynamics of the infaunal crustaceans matched the seasonal pattern described in the area: increased river runoff and phytoplankton blooms in spring that supply organic matter to the seabed; the establishment of a thermocline with the high water temperature in summer, causing the shortage of organic matter supply to the seabed and possibly causing anoxic conditions at the end of summer; and in autumn a renewal of the bentho-pelagic fluxes because of the increase in turbidity and decrease in water temperature caused by autumn storms (Ambrogi et al., 1990; Sardá et al., 1999; Salat et al., 2002) . The PCO ordination reflects this pattern, with summer samples characterized by the difference between surface and bottom temperature and autumn samples characterized by near-bottom turbidity and temperature. Moreover, our results showed that the total abundance and species richness at S2 was higher in June and July and significantly lower in August and through the autumn months. This peak of abundance could be related to a recruitment event because, remarkably, it was not parallel to an increase in biomass and diversity. Recruitment of peracarids has been described as coupled with inputs of fresh OM derived from surface production (Richoux et al., 2004) . The same coupling was deduced for suprabenthos over the continental slope (Cartes et al., 2008) .
Unfortunately, data on fresh OM were not available in our study (only data of total OM), which could explain the lack of correlation between OM and crustacean abundance. The depletion of crustacean abundance in August was also observed for the entire macroinfaunal community at S2 (unpublished data) and could therefore be related to the accumulation of mucilaginous aggregates (MA) observed in the study area in late July and August (Cartes et al., 2007) . The high concentration of MA may be a consequence of the establishment of the thermocline and high water temperatures in summer (Sartoni et al., 2008) . The experimental cruises were conducted in 2003, which was an exceptionally warm year. This could have increased the phytoplankton community abundance, which produced exudates (MA) (Underwood et al., 1995) that would sink and cover the seabed (as observed with the ROV, unpublished data), indirectly causing anoxia and reductions in faunal abundance. The MA significantly modifies the sediment properties, and studies suggest that it impoverishes the quality of available OM (Manini et al., 2000) . In accordance with this, Cartes et al., 2007 observed an impoverishment of the quality of the OM that was probably related to the MA. Those species found among the most abundant in spring and early summer and with lesser abundance in late summer are the amphipods Ampelisca tenuicornis, Corophium rotundirostre and Harpinia sp. and the cumaceans Iphinoe serrata and Leucon mediterraneus, some of them suspension feeders (de Juan et al., 2007a) , which would be highly affected by the accumulation of mucilage over the seabed. The MA disappeared in autumn months, characterized by the increase in near-bottom turbidity that indicates natural conditions of increasing storms and river discharge (data included in Cartes et al. 2007 ). This phenomenon would increase production and favour a second peak in abundance, observed in the suprabenthos but not in the infauna, probably because of a delay in response because the OM needs to accumulate in the seabed to be exploited by the infauna.
The crustacean abundance at S1 remained invariable throughout the study period, though this site was closer to the river mouth. A plausible explanation would be that the lower abundance at this site might be less influenced by the depletion of OM in summer. An alternative explanation is that fishing with trawling gears at S1 reduces the faunal abundance and disguises the effects of natural variability (Hall, 1999) . The suprabenthic community followed a similar seasonal pattern at S1 and S2 (Cartes et al., 2007) and these swimming suprabenthic species can be expected to be less vulnerable to trawling than the sedentary infaunal crustaceans. The organisms that were collected at higher abundances at S1 (e.g. L. mediterraneus, Apseudes spp., I. serrata and H. dellavallei) can be considered as having lower vulnerability to trawling because, for instance, Apseudes spp. is a burrowing species and L. mediterraneus has a relatively high motility (de Juan et al., 2007a) . The infaunal crustaceans hold a diversity of biological traits that will adapt either to natural or anthropogenic variability in the environment. Moreover, a fraction of the total variability between samples was not explained by the two axes of the PCO. This suggests that other variables not included in the analysis, such as the quality of the OM, micro-scale habitat variability and species interaction, could help to explain the variability in the community structure. The macroinfaunal organisms play important roles in the trophic webs in soft-bottoms of continental shelves, reaching high production rates (Wildish et al., 1992) .
For example, macroinfaunal soft-bottom communities can constitute one of the major habitat quality components as prey of demersal species (Hinz et al., 2005) . As an example, a previous study in the area detected that the diet of the commercially exploited spotted flounder (Citharus linguatula) was mainly based on Mysidacea and Cumacea (de Juan et al., 2007b) . The biological traits and functional roles exhibited by the macrofauna vary with the environmental variability and can be profoundly modified by anthropogenic activities (Bremner et al., 2006) . In our study the crustacean abundance at S1 was lower, probably as a consequence of trawling disturbance, and the abundance at S2 followed a marked seasonal variability, being strongly reduced at the end of summer. Improving our knowledge of the dynamics of the macroinfaunal communities is necessary as these assemblages are important components of soft-bottoms ecosystems. The study of macroinfaunal assemblages of Mediterranean continental shelves, especially focusing on the main environmental and anthropogenic factors controlling production and diversity, has received little attention, and this study highlights the importance of carrying out further studies on these community assemblages.
